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sUMMARY .

AninvestigationwasmadeintheGeorgiaInstituteofTechnology
q-footwindtunneltodeterminethelow-speedaerodynamiccharacteristics
oftwosweptback,low-drag,taperedwingsequippedwithfull-spansplit
andslottedflapsandthreespecialtypesoftrailing-edgeflaps.-MO
sweepanglesofh~~and600,measuredatthequarterchord,wereused.

Althoughemphasiswasplacedonat@mptstoobtainhighermaximum
liftcwfficients,theresultsshownoappreciablegafiin ~ for

*
eitherthesplitflaporthespecialflapsonthe600wing.Thesesame
flapsdidproduceanincrementin CL- onthehs”model,however.

Theslottedflapproducedbyfarthelargestincrease.inliftonboth
models.

--

Theeffectoftheflapsondragandpitchingmomntisthesameas
thatindicated~other
thelargestincreasein
Allflapconfigurations

testdataavailable.Theslottedflap
pitchingmomentfora givendeflection
increasedthestabilityofbothwings.

caused
angle.

INTRODUCTION

Theuseoflargeamountsofsweepforthepurposeofdelayingcow
pressibilityeffectsisnowquitecommonandwasoriginallyproposedin
thiscountrybyJones(reference1). Unfortunately,theuseofW@
planformsincorporatinglargesweepanglesinconjunctionwiththethin
airfoilsectionsnecessaryforhighcriticalMachnumbershasresulted* inwingshavingvaluesofmaximumliftconsiderablylessthanthoseof
conventionalstraightwings.Thishasimposedratherseverelimitations
uponthelandingspeedsofsuchaircraft.*
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Althou@theusualtra.il.ing-edge.typeg:.high-liftdevicesmaYbe
employedonswept-wings,Germandata(reference2)haveindicatedthati
theconventional-splitandslottedflapsdo.notshowtheS- gains~
maximumliftcoefficientonsweptbackwings.

A considerabletiountof.Germantestdata(references2 and3)on
flappedsweptback-wingsisavailablebutse~minglylittleworkh=.been
donetowardincreasingthemaximumliftcoefficientbyeliminatingor
reducingthesweepangleoftheflapitself;Inordertodetermine
whethersuchflapswerefeasible,a testprogramelanexploratorynature
wasinstigated.Thepresentitestshavealsosupplementedtheresultsof
references4 ands.

Thisworkwasconductedatthe-GeorgiaInstituteof.Technology
underthesponsorshipandwiththefinancial,assistanceoftheNational.
AdvisoryCommitteeforAeronautics.

..

-.

.-

APPARATUSANDMODEIS

!17wosemispansweptbackwingmodel-ewere*stealinthe+-footwind. .*.

tunnelofthe--OeorgiaInstituteofTechnology.Thisturinelisofthe
—

single-returntypehavinga closedcirculartestsection12feetlong.
Forpaneltestingsflat–flooris.installedwhichgivesa jetheightof

P

approximate~8 feet.Speedchangesareaccomplishedbymeansofa
controllable-pitchpropeller.Thetunnelt~_bulencefactoris1;7. -.

Twomodelsof.hsoand60°Sweepweremountedon a s&inch-diameter
plywooddiskasshowninfigure.1..Thisdis~hadapproximatelyl/4-inch
clearanceallaround.Thetwowingswereconstructedtotheplanforms
showninfigures2 and3. Theairfoil,maintainedparalleltotheplane
ofsymmetry,wasofNACA6~AO06profile,theordinatesforwhichare
givenintableI. Becauseoftheexlxremelythinairfoilusedandthe
smalltaperratio(0.6),itwasimpossibletoconstructthemodelsof
laminatedmahoganyintheusualmanner.A built-uprib-sparconstrue- ‘“ ‘~
tionwasemployedwiththemodelsbeingcoveredwithl/8-inchaluminum-
alloysheet,exceptfortheportionaheadofthefrontsparwhers
laminatedmahoganywasused.

Withtheexceptionoftheslottedflap,allflapswereconstructed
ofl/8-inchaluminiun-alloy”sheetattachedtothewingbymeansofpiano
hinges.Theslottedf3.apwasconstruct*oflaminatedmahoganytothe
NACAh412profile.Thehingepointwassomewhat-arbitrarilylocated
at–”x= 100percentc, and y = -2.sperce~t---cjsincethedataof
reference6indicatethat--thisistheoptimumlocationona straight
wing.Theslottedflapwasattachedtothemodelbymeansofsteel

.-

*



NACATN2468
m

brackets.All
? 19, 300,45°,

3 “-–

flapshada“systemoflinksthatenabledsettingsof
and60°tobebade;Figures4 andS arephotographsof “

thevariousflapstestedonthetwo.wings.Thevariousflaparrange-
mentsonbothmodelsareshownschematicallyinfigures6 and7. The
specialflapswereobtainedbycuttingoffandrotatingtheoriginal .
flaptoreducethesweepangledfthehingeaxis.

Allflapswerefull-spanandwere.30“@rcentofthechordmeasured
paralleltotheplaneofsymmetry.Thisresultedina“flapareaof
approximately2.26squarefeetforthesplitandslottedflaponboth
models.Thisgavea ratioofflapareatowingarea Sf/S of0.28.
Thespecialflapshada veryslightlysmallerareabeca&eofcuttingof ,
theconventionalflaps.Seefigures2 and3 fordimensions.

Becauseofexcessivevibrationanddeflectionofthe60°wing,it
wasnecessarytousea bracewireasshowninfigure~.’

SYMBOLS
%

Allmomentsarereferredtothequar$e~chordpointofthemean —.
aerodynamicchord.

.

A

b

CD

ACD

CL

$%x

ACL

ACL
max

.
Acl

G

aspectratio(b2/’@

twicespanofsemispanmodel,feet

dragcoefficient(D/qS)

incrementofdragcoefficientduetoflapdeflection

liftcoefficient(L/qS)

maximumlift

incrementof

incrementof

incrementof

coefficient

liftcoefficient

maximumliftcoefficient

sectionliftcoefficient

-..
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pitiching-mornent~oefficientaboutnparterchord(~qSC)
.—

localchord,masuredinfree-streamplane,feet

()J

b/2 z

o Cdb
meanaerodynamicchord,feet —

J
b/2

Cdb
o

drag,pounds

lift,pounds

pitchingmoment,foot=pounds

dynamicpressure,poundspersquarefoot (P+9

Reynoldsnumber(pV5/W)

areaofsemispan-wing,squarefeet

free-streamvelocity,feetq?ersecond

modelangleofattack,degrees

deflection”angleofhigh-lift-device,measuredinplane
normaltohingesxis,degrees

,
sweepbackangleofquarter-chordaxis,degrees

(taperratio ~i~chordRootchord)

coefficientofviscosity

massdensityofair,slugs

lift-curveslope @L/d$

Subscripts:

e effective

f flap

percubicfoot

A

.
.

—
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CORRECTIONSTODATA
-!

Sincenodatawereavailableforthebounda~correctionsof
sweptbackpanelmodels(withreflectionplane),correctionssimilarto
thosefor&wept reflection-planemodefiwere-appliedto
ficientandangleofattack.Thecorrectionsappliedare
reference7. Theyare

ACD.= 55CL2 =1 0.01.30CL2

where

A% induced-drag
i

Au incrementof

A~= 57.3~ CL= o.7b2cL

increment

angleofattack

thedragcoef-
thosegivenin _..

4

6 boundarycorrectionfactor(0.0516)
.

. s wingareaincludingreflection(16sqft)

c tunnelcross-sectionalarea (63.7sqft)

Thedatahavealsobeencorrectedfortheeffectoftheendplate
andbracewire(usedon600modelorily);blockingcorrectionsasgiven
inreference8havealsobeenapplied.

Thedataobtainedatanglesofattackgreaterthan300maybe
lessaccurate,since,athighanglesofattack,thetipofthewingwas
closetothetunnelwallandnoadditionalcorrectionswereappliedfor
thiscondition.Inviewofthisfactitisbelievedthatthetunnel
wallsaffectthevaluesof ACL lessthanthoseof C-; them–-

foretheincrements

morequantitatively
coefficient.

Nocorrections

of c duetoflapdeflectionareconsidered

correctthantheabsolutevaluesofthemaximumlift

wereappliedtothepitching-momentdata.
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TESTS
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,

Becauseoflimitat~onsoftestequipmen~mostof–thetestson
the600modelwererunatvadynamicpressureof25.6poundspersquare
foot,whichcorrespondstoanindicatedairspeedof100milesperhour,
givinganeffectiveReynoldsnumberofabout2,900,000basedonthemean
aerodynamic.chordofthewing.Split-flaprunsweremadeatanindicated
speedof120milesperhourgivingRe= 3;480,000.Alltestsonthe
b~”wingwerernnatan indicatedairspeedof120milesperhour
givingRe= 3,480joo0forallflapconfigurations.Anopen-jettest
wasmadeonthe60°winginordertocompare-theresultswiththoseof .. _
theclosedjet.The–open-jetidataonlyindicatedthattheadditivewall
correctionwerequalitativelycorrectsincetheirusegavelift-and
dragcurvesfa%lingbetweenthosefortheopen-andclosed-jetdata.

Theforce--testswererunthroughanangle-of-attackrangeof-12°
tostallinincrementsof3°,exceptinearthestallwheretheincrement
wasinsomeinstancesreducedto--lo.Thesmallerincrementwasusedso
thattheliftcum-ecouldbe”moreaccuratelyfairedat–thestall.

Tuftstudiesoftheuppersurfaceweremadeforboththemodelsat
low,medium,andhighanglesofattack.

RESULTSANDDISCU%510N
●

Theresultsofthefmrcetestsarepresentedinfigures8,to17;
theincrementsofmaximumlift~oefficientsagainstflapangleareshown
infigures18and19;the,dragincrementACD forthevariousflapsis

*

.

presentedinfigures20and21;tuft-studydataareshownschematically”
infigure22;andthevariationofaerodynamic-centerpositionwith ~
isgiveninfigure23. .-

-.

Aneffortwasmadetoevaluatewithinthelimitationsofthetest
equipmenttheeffectof-Reynoldsnumber.Theresultsofthesetestsare
presentedinfigure24andshownosystematicvariationsovertheran~e
oftestvebcities.

Thefigurespresentingtheresultsofthetestsaregivenin
tableIIalongwith”alistofthe-cross-plottedresults.

..
Plainwings.-

.
Ingeneral,the”aerodynamiccharacteristicsofthe

plainwingsaresimilartothose.previouslyreportedinreferences3,4, .
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and~. Althou@themaximumltitcoefficientwasverynearlythesame
forbothwings,itwasslightlylessthanthatobtainedforthesame-,
wingconfigurationsinunpublisheddatafromtheLangleyAeronautical
LaboratoryoftheNACA.Accordingtothesedatathemaximtiliftcoef-,
ficientsobtainedat R = 3 X10bwereaboutl.ohandlmo8forthe4~o
and600wings,respectively.Thesevaluescomparewith1.03and1.0for
thehs”and600wingsreportedherein.Thedecreasein ~ forthe

max
600wingisapparentlycausedbytheproximityofthetunnelwallatthe
stall.Themeasuredstallanglesoftheh~”and60°wingswereapproxi-.
matel.y27°and@O, respectively.Forthesamewings,stallangles
of2soand36owereobtainedaccordingtotheabovedata.

Themeasuredslopesoftheliftcurveswere0.0~62and0.040for
the4~0and600wings,respectively.Thevaluesoflift-curveslopes
obtai&dfromtestsmadeintheLangleytwo-dimensionallow-turbulence
p~ssuretumelare0.056and0.039forthetwowings.Theoretical
valuesof0.0~4and0.041,obtainedbythemethodofreference9,arein
goodagreementwiththemeasureddata.Becausethecurvesof].iftcoef-
ficientagainstangleofattackaredecidedlynonlinear,theslopeswere

● measuredat a = W.

.
Plotsof ~ againsta and ~ againstC fortheplain

‘c/4
wingsarepresentedinfigures8 and13. Itisnotedinfigures8 andD

1 thatthepitching-momentcoefficientsforzeroflapdeflectionarenot
zeroatzeroIlftastheyshouldbefora symmetricalairfoil.Thisis ‘
believedtobecausedprimarilybytunnelflowangularityincombination
withslightmodelinaccuracies.Althougha flow-angularitysurveyinthe
vicinityof-thewingtipswasnotmade,calculationsindicatethatas

10offlowmisalinementatthewingtipcould,causethelittleas-
4

pitching-momentcurvetoshift.A verysmalllfltforceactingatthe
extremetipcancausea relativelylargechangeinpitchingmoment
becauseofthelargemomentam existingbetweenthe2Spercentmean
aerodynamicchordandthe2~-percent-chordpointofa portionofthe
extremetip.Thesmallliftforcewouldhardlyaffecttheangleofzero, ‘-....
liftand,hence,isnotnoticeableontheliftcurves.

Inordertogivea somewhatclearerpictureofwhatmightbeexpected,
inthewayofperformance,theglideanglesofthetwowingsat ~-

werecalculatedandarelistedintableIII.Whileonlyqualitative,
these‘values dogivesomeindicationofthesinkingspeedat ~

● m“
Theincreaseofglideanglewithincreasingsweepisinqualitative
agreementwithsimilarresultsgiveninreference10.
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Thechangesthatoccurintheliftandpitching-momenticurvesare
relatedtothechangesinwingtiploading.__Bothwtigsexhibiteda rapid .K–
decreaseinstabilityatmoderateliftcoefficients,apparentlycaused
bytheexpectedtipstallwhich.shiftsthecenterofpressureforward.
This“suddenchangeinS1OPofthepitching-momentcurveoccurredat
aboutCL= 0.70and0.S,f~r thehs”and60°wings,respectively.This
sam trendisreportedinreference9. A slightincreaseinstability
isnotedforbothwingsatsmallanglesofattack.Similarresultshave
beenpreviouslydiscussedinreference~.

Thelargeaerodynamic-centershiftswithliftcoefficientaresimi-
larlyassociatedwithchangesintiploading.Theunstablemovement-of
theaerodynamiccenterwaspredicted,however,fromthedataof
referenc&lO,whichindicatethatcertaincombinationsofsweepbackand
aspectratiowillbeunstable.A plotofaerodynamic-centershiftis
presentedinfigure23for.bothwings.

!l?uft..studiesofth+uppersurfaceoftheplainwingsareshown
schematicallyinfigure22. Additionalstudiesusinga singletufton
a proberevealedthat-thestrongspanwiseflowisdetectableat4 or
~ inches+bovethesurface.Thisspanwiseflowisparticularlynotice-
ableonthe’60°wingintherangeof a ~ 10°to1.$O.

s

Ingeneral,theeffects“oftheflapswerethesameasthoseon .
straightwings,exceptforthedecrease-deffectiveness.Theflapsin
someinstancesgavelower dragcoefficientsand
maximumliftcoefficientthanwereobtained“for
Thiseffectisnotedalsoinreference10.

Splitflaps.-Thefull-spansplitflaphad
deflectednormaltothe70-percent-chordline.

smallerglidea~lesat ‘
thestraightwtigs.

a 30percentchordand
Theeffectivenessofthe

flapwasmarkedlyreducedasitproduceda msxtiumincrementoflift
coefficientof0.18at tjf= 30° onthe4s0-panelandO.OSSat 5f= 30°
onthe600model.Theverysmallcontributionoftheflapon the
600wingisinagreementwithdatagivenin,references2,3, .$,and9.
Asshowninfigures8 and13,theangleofattackatstallwasnotappre-
ciablyreducedoneitherwing.Althoughthedataarenotpresented,it
shouldbe-mentionedthatsealingtheflapat“theinboardendtoprevent
theairfromflowingbehindtheflapincreaseditseffectivenessatlow
anglesofattackbuthadlittleeffecton C

CL-

~. Theincrementsof

forvariousflapdeflectionsareshowninfigures18and19.

.

.
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The
for
and

Thepredictedvaluesof
simplesweeptheory.For

A% werebasedon
a givensplit-flap

AC = ActCOS2h
L

9

two-dhensionaldata
deflection

onlytwo-dtiensionaldataavailablewerethosegivenin
theNACA6s-006airfoilsectionwitha 60°splitflap.,

referenceli
Thepredicted

measuredincrementsofUft coefficientarepresentedinfigure2s.
Thesedatawereextrapolatedtozerosweepbyfa~ringthecurw-through
theexperimentalpointstothevaluesof ACL and AC

%ax
obtainedfrom

sectiondata.

Anothermethod(unpublished)forestimatingACL atzeroangleof
attackfromtwo-dimensionaldatautfiizesa methodforunsweptwings
outlinedinreference12. Theequation,asmodifiedtoaccountfor
swee, isP ACL= JAcZCL COSA, whereJ isa factordependingon

aA
aspectratio,taperratio,andflapspan(reference12)and CL is

. aA
thecalculatedlift-curveslopeofthesweptwing.-Itappearsthat
theoryoverestimatesthecontributionofthefull-spanflapona swept-

. backwing;however,forinboardsplit-flapspansupto0.5%/2themethod
describedabovewillgive,withreasonableaccuracy,theliftcontribu-
tionofthesplitflapatzeroangleofattack.Thismethodfailsto
giveaccurateestimatesof ACL forflapspansgreaterthan0.~b/2
becausetheoutboardportionoftheflapapparentlysuffersanabnormal
lossineffectivenessona sweptbackwing.Asshowninfigure2Sthe
incrementsofliftatzeroangleofattackarelargerthanthoseat
maximumlift.Theorderofmagnitudeofthiseffectisaboutthesame
asthatnotedforstraightwings.

.
Thedat;intableIII,whileonlyqualitatiw,doindicate,as

previouslyreportedinreference10,that,thesplitflapactuallyreduces
theglideangleat .CL forthe~~”’wing,whereastheglideangleis

max
increasedonthe60°wing.

oDeflectionofthesplitflapincreasedthenegativevaluesof
cmc/b

withoutappreciablychangingtheshapeofthepitching-momentcurve,
exceptfora slightnegativeincrease.Theincreaseinstabilitywas

* greater,however,forthe600wing.Theliftcoefficientatwhich
instabilityoccurredwasincreasedonbothwings,thusr+ucingthe
aerodynamic-centershiftonbothwings.

.

I
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Forcomparison,theaerodynamic-centershift;-flapsdown,is
plottedinfigure23. Thisfigureshowsthesomewhat~aterrangeof A.

stabilityobtainablewithflapsdown.
.

ThevariationofdragincrementACD with flapdeflectionispre-
sentedinfigures20and.21.

Three-step.flap.- Sincetheflapeffectivenesswasthoughttobe

reducedprimarilybecauseof-thesweepofthehingeline,specialflaps
incorporatedweredesigned.toremoveallorpartofthissweep.“The
practicabilityofthesedevicesmaybequestionable,butthisinvesti-
gationwasconcernedprimarilywiththeiraerodynamicqualitiesandnot
theirstructuraladaptability.Thefull-span,three-stepflap,arranged
todeflectinthreesegmentsabout=naxisnormaltotheplaneof
symmetryforthe4sowingandanaxisof 4104~lforthe600wing
(figs.6and 7),provedtobeof.littlevalue.Asshowninfigures9
and18,a veryslight-gaininC

‘!max
wasrealizedonthe~~owingfor

deflectionslessthan4s0.FiguresIhand19revealthata decrement
ofliftresultedonthe600wingforflapdeflectionsgreaterthanl~o.
Possiblytheturbulencecreatedbythestaggeredarrangementmaybe

.

partiallyresponsibleforthepoorperformance.Theseresultsconfirm
thedataoflowReynoldsnumbertestsofa similarconfigurationzwported ~
inreference2,whichshowedthistypeof’flapona 4~”sweptbackwingto
beineffective.

‘Theticrewntsofmaximumliftcoefficientforvariousdeflections
asshowninfiguresI-8and19indicatea negligibleincreasein

—
Cti

onthe4s0winganda decrementofliftonthe60°wing.TableIIrshows
thatthethree-steparrangementwasaboutas-effectiveastheplainsplit
flapat-a = OO. Itisalsonotedthatthisflaphadaboutthesan
effectontheglideangle,decreasingitonthe4sowingandincreasing
itonthe600wing.

The-effecton thepitchingmomentwassimilartothatofthesplit
flapinthata slightincreaseinstabili~wasnoted.Theincreasein
momentcoefficientC%/L wasnotsogreat.asthatduetothesplitflap.

Theincrement-ofdragcoefficientduetotheflapis,shownin
figures21and22.

.

.

Six-stepflap.-Thesix-stepflaparrangementshowninfigures6
and7wasinferiortothesplitflap.Figures19and20showthatACLmx d-

wasabouthalfaslargeasfortheplainsplitflaponthe4~0wing,
.
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whereasa largedecrementofliftresultedonthe600wingfordeflec-
tionsabovelSO. Thesix-steparrangementwasmoreeffectivethanthe
three-stepflaponthehs”wing.As indicatedintableIII,thisflap.
producedmoreliftat a = 0°onthe4~0wingthananyoftheothers,
withtheexceptionofthetwoslottedflaps.At a= 0° itproved
superiortotheslottedflaponthe600model.Itshigh-an@e-of-attack
performanceisdecidedlypoor,however.Itappearsthat,aside“from
structuraldifficulties,thisflapwouldnotbeatallpractical.

Theflapeffectonpitchingmomentwasmuchthesameasthatofthe
splitandthree-stepflaps.Again,comparedwiththesplitflap,the
increaseindivingmomentwasnotsolargeonthe4s0wtiganda little
greateronthe60°wing(figs.10~d 15).

Itisnotedthat,accordingtotheory,theremovalorreductionof
thesweepofthehingelineofsplit-typeflapsshouldincreasethe
effectivenessofsuchflaps.ItwouldappearthatthetestresuItsare
indirectcontradictionwiththeorysinceboththethree-andsfi-step
flapswerelesseffectivethantheconventionalsplitflap.This
decreasedeffectivenessseemstobeattributabletothecombinedeffects

a ofturbulentflowcreatedbythestaggeredsegmentsandthepoorly
locatedhingelines.Inparticular,thesix-steparrangementappeared
tocreateconsiderableturbulence.Thisturbulenceisbelievedtobe
theprimarycauseofthereducedeffectivenessofthisconfiguration
sincethesixsegmentswereproperlylocatedalongthe70-percent-chord
axis.Inthecaseofthethree-steparrangementbothturbulenceand
flaplocationappeartoberesponsiblefortheineffectivenessofthis
configuration.Theoutboardedgeofeachofthethreesegmentswas
located,asmaybeseeninfigures4 to7,quitefarfomardonthe
airfoil- a poorlocationforproducinglift.Thiswouldindicatethat
theoutboardportionsoftheseflapsegmentsdidnotproduceanyuseful
lift.

Theforegoingdiscussionappliestoboththe.!&”and600wings,and”
sincetheaggregateflapareaforboththethree-stepandsix-step
arrangementswaslittledifferentfromthatoftheconventionalsplit
flapitappearsthattheeffectofflapareacanbeeliminated.

Slottedflaps.-Theslottedflapproducedthelargestincreasein

maximumliftcoefficientonbothwings.TableIIIrevealsthatwiththe
exceptionofthesix-stepflaponthe600wingtheslottedflapalso
producedthelargestincrementofliftcoefficientat a = W. The
largestvalueof (L/D)W wasobtainedwiththeslottedflap.The.
ratio(L/D)C% wasconsiderablylowerthanthatforanyofthe

split-flaparrangementsexceptonthe600wing.Figures11and16k.
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iudicatetheangleofstallwasnotappreciablyreducedforeitherwing.
Themaximum-lift-coefficientincrementsareplottedinfigures’18and19.
It5snotedthattheoptimumflapangleis4~oforthe4~owingand
betweenl~oand300forthe600wing.

Amindicationofthedragincrease-duetoflapdeflectionisgiven
infigures20and21.

Asshowninfigure11,a largeincrease inthepitching-momentcoef-
ficients,alongwithanincreaseinstability,occurredwhentheflapwas
deflectedonthe~~owing.A greaterincreaseinstabilityisnotedfor
the600winginfigure16,butthepitching-momentcoefficientsaremuch
smaller.

TableIIIgivesanindicationoftherelativeglideangleascow
paredwithotherflaparrangements.

Ro~atedslottedflap.-Therotatedslottedflap,picturedin
figures4 and~ andshownschematicallyinf&ures6 and7,hadits
sweepanglereducedbyapproximately7°oneachwing.Fromsimplesweep
theory,itwouldappearthatsomegaininlifteffectivenessshouldbe *
realized,butfigures12and17showthisflaptobeinferiortothe
conventionalslottedflap.Inpart,thismaybedueto
reductioninsweepanglewassmall,andthepointabout
axiswasrotatedwastheoutboardendoftheflaphinge
coincidentwiththe70percentchord..Sincethegapat
wasquitelarge,itis,possiblethatthis,coupledwith

thefactthatthe
whichthehinge .

axis,whichwas
theinboardend
interferenceat

theoutboardsection,~y havereducedth~flapeffectiveness.Thereis
a differenceofapproxititely0.12in A

%lax
ascomparedwiththecow

ventionalslottedflap(tableIII).Therotatedflapgaveverynearly
thesameglideangle,but (L/D)muwasreducedconsiderably.

Thesamegeneraleffectonthepitching-momentcurveisnoted,that
is,a largenegativeincreasein C%/L” Theeffectonstabilityappears

tobewry nearlythesameasthatfortheslottedflap.A larger

increaseinslope - isnotedforthe60°wing,however.
d%

Theliftanddragincrements,ACL and ACD, aregivenin

figures18to21.
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with

CONCLUSIOIE

Theresultsoftestsatlowspeedsof
severaldifferenttrailing-edgeflaps

twosweptback
indicatethat

wtigsequipped
fortheconfigu-

rationstested:
.

1.Theeffectivenessoftheplainsplitflapisreducedwith
increasingsweepback.At600sweepbacknoappreciablegaininltitis
realizedwiththesplitflap. .-. .

2.Thesegnentedflapsareevenlesseffectivethantheplati
splitflap.Itappearsthatincorporation-ofsuchflapswouldnotbe
feasible.

3. The,slottedflapprovedtobethemosteffectivetypeof” ,’
high-liftdevicetested.Itretainsthedisadvantageofcausinglarge-
divingmomentstobedeveloped.

4.Reducingthesweepangleoftheslottedflapbythemethod
describedheretiisofnopracticalvalue.

L
~.Deflectionoftheflapsincreasedthel~t coefficientsatwhich

thewingsbecameunstablebutdidnotreducetheaerodynamic-centershift*. ov8rtheentirelift-coefficientrange.Overthestablerangeoflift
coefficientsthepitchingmomentswereincreasednegativelyason
straightwings.

6. Onlyincasesofthesplitflapandthethree-stepflaponthe
h~”wingandthesti-stepflaponthe60°wingwastheglideangleat
maximumliftcoefficientreducedbelowthatoftheplainwing..

7. Ingeneral,theeffectsoftheflapswerethesameasthoseon
straightwings,exceptforthedecreasedeffectiveness.Theflapsin
someinstancesgavelowerdragcoefficientsandsmallerglideanglesat
maximumLiftcoefficientthanwereobtainedforthestraightwings.

GeorgiaInstituteofTechnology
Atlanta,Ga.,October6,19s0
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TABLEI

ORDINATESOFNACA6SAO06AIRFOIL

~tationsandordinatesinpercentchor~

Station Ordinate

o 0
●5 k.464
.75 .563
1.25 .718
‘2.5 .981
5.0 1.313
7.5 1.5’91

10 1.824
15 2.194
20 2.474
25 2.687
30 2.842
35 2.945
40 2.996
45 2.992
50 2.925
% 2.793
60 2.602
65 2.364
70 2.o87
75 1.775

1.437
;; 1.083
90 .727
95’ .370
100 .01.3

L.E.radius:0.229
T.E.radius:O.Olh
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TABLEII

PRESENTATIONOFRESULTS

(a)Resultsforvariousflapconfigurations

NACATN2468

Dynamic
Figure Configurationpress”Jre Dataplotted

~

I A .450
I I I

8 I Splitflap 36.5 I ~ againsta
9 Three-stepflap 36.5 CD,c%/4 againstCL
10 Six-stepflap 36.5 “
u Slottedflap ;;.; ‘
12 Rotatedslottedflap .

13 Splitflap. 30.5 ~ againsta
14 Three-stepflap 25.6 CDS c%/llagainstCL

15 Six-stepflap 36.5
16 Slottedflap 25.6
1? Rotatedslottedflap 25.6

(b)Specialploti

Figure Dataplotted

18- ACLmx duetoflaps,45°wing ACLmx against~f

19- AC%ax
duetoflaps,600wing ACLH against~f

20- ACD duetoflaps,h~”ting, ACD against-~fat
constantCL

21- ACD duetoflaps,600wing ACD againstbf at
.. COI_IStWhcL

22-.Tuftistudicsj45°and600wing
23-Aerodynamic-centershift,450 Aerodynamic-center

and600wing positionagainst~
25- ACL againstA forsplit ACL againstA (a= O)

flap0~, 4s0and60°v@’% “Lmax againstA

.

.



TAELEIII

AERODYNAMICDATA

6f ‘a (J
AC Glide angle

Configuration
L/’Ilat

~~1 lu.x (for ;;= 600) : at “
at ~ (L/D)m

L & (d~

(a) (b) (b) (b) (b)

Plain wing --

Split flap 30
Three-stepflap
six-stepflap &
Slottedflap 45

Rotatad slottedflap 45

#

1.03
1.21
1.035
1.12
1.62
1.9

0.50
.50
.61
.72
.66

0..505 . 2.C4
.%5 2.4
.422 2.45
.574 1.95
.9J3 1.72
.929 1.62

26.1
25.0
22.4
27.2
30.1
31.6

60° mirw

P~aindng — 0.766 1.31
:::5

37.3 20.0
splitflap 30 0.27 .995 1.C% 43.3 8.0

Three-stepflap C15 1.0 .275 .859 1. I-6 40.7 7.0
Six-etepflap ‘w .42 .732 1.37

:::
36.1 5.3

Slottedflap 15 .35 1.22 1.U’ $.;
Rotated slottedflap 15 1.27

10.4
.23 1.o38 1.22 . 6.9

aFlap deflectiongivingmsximomlift.
b vSh13S COR’(X3’pOn~ to 6f for CL .

c These flaps causeda daorement Of c

h

at all deflection above l~o.

1
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Figurel.-Photographof60°mcdelmountedintunnel(openjet).
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18”

0.25 chord

IUACA 65AO06

.70-chofd axis .

=!s=

Figure 2.-pkn-form dimensions of 4~0sweptting.E!= 8 square feet;
A = 4; A = 0.6;E= 24.7inches; all flaps are full-span and are 0.30c.

.
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48’
-W.l V-tdlul u UAla

(Flap hinge)

Flap true length =83.71”

——. .——

‘3

—

Flap autline

1
~

1/ 1

Figure 3.- Plan-fOlm dimenslone
A=4; L= 0.6;

z
x=a1-

of 60° swept wing. S = 8 Bquare feet;
1+
z

E = 24.5 ti~eE.
~
w
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(a)Splitflap. (b)Three-stepflap.

(c)Six-stepfla~.

(d)Slottedflap, (e)-Rotatedslottedflap.

Figure4.-Flaparrangement- 45°model.v
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,

(a)Split--flap. (b)Three-step“flap.

(c)Six-stepflap. .

(d)Slottedflap. (e)Ro+atedslottedflap.

Figure5.-Flaparrangement--60°model.V-
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(a) Six-step flap. (b) Three-step flap. (c) Rotated slotted flap.

Figure 6..Schematic arrangement of special flaps - 47°tiel.
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(a) Six-step flap. (b) Three-step flap. (c) Rotated slotted flap.

Figure 7.-Schematic ~ement of special flapa - 60° mciiel.
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Angb of attack, + dog

Figure 8.- Aerodynamic characteristics of 45° sweptkck wing with plain
split flap. q = 36.5 po~ds per square foot.
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Dmg coaffkbnt , CD Rtching-nmmmtcoefficient, ~c,4

(b) CL against CD and Cmc/~.

Hgure 8.- (!onchuied.
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(a) CL against a.

Figure 9.- Aerodynamic characteristics of 45° swptM& wing
step flap. q = 36.5 POWS per squaza foot.
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Drag coofficicnt, CD Pitching-momont coefficient, Cmc,4

(b) CL against CD
d c%/4”

Figure 9.- concluded.
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Figure 10.- Aercdymnuic characteristics of 45° sweptback wing with six-
step flap. q = 36.5 pounds per square foot.



kg coef fkieflt , CD Pltchlng-moment coefficient, ~c,4

(b) CL against CD W C%,+.

Figure 10. - concltie&
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(a) CL against a.

Figure El.- Aerdynsml.c characteristicsof 45° sweptback wing tith
slotted flap. q = 36.5 pounds per square foot.
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Drag coefficient, cD

(b)

. ,

Pitching-moment coefficient, Cmc,4

CL a@@t CD
- c%/4”

Figure U.. C~clud~.
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Angle & ctttack,a , deg

(a) CL agafnst a.

“Figurei12.- Aerodynamic chamcteristlcs of 45° sweptback wing with rotated
slotted flap. q = 36.5 Pounds per square foot. .
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Figure 12.- Conchxied.
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(a) CL against a.

Figure 13.- Aer&@amic characteristics of 60° sweptback wing with split
flap. q = 36.5 pounds per square foot.
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Figure 14. - Aerodynamic characteristicsof 60° sweptback wing with three-
Step flap. q = 3.6 pounds per square foot.
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Figure 15.. Aerodynamic chamcteristics of 60° sweptback wing with six-
Btep flap. q = 36.5 POWS per square foot.
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(a) CL against a.

Figure 16. - Aerodynamic characterist5.csof 60caweptback wing with Elotted
flap. q = ~.6 Pound-aper square foot. ~
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Dr@9 coofficknt, CD Pltchlng-momant coefficient, Cmc,4

(b) CL against
CD ad c%/4.

figure 16. - conclud~.
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(a) CL against a.

,, Figure 17. - Aerodynamic characteristics of 600mmptbackwingwithrotated
slottedflap.q = 23.6 pounds per square foot. “
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(b) CL against CD snd C%,&.
(

Figure 17. - Concltided.
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*Rotated slotted

f
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15 30 45 60
Flap deflection,5f , *9

. Figure18.-Variationof.ACk withflapdeflectionon45°sweptback

wing.
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Figure19:- Variatlonof ACb withflapdeflectionon60°sweptback
wing. *
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FigureXl.- Variationof ACD withflapdeflectionon45°sweptback~ng.
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Figure 21,- Variationof ACD withflapdeflectionon60°sweptbackwing.
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(a) 45°wing.

Figure22.- Tuftstudies.



.50
NACATN2468

OgSoo Oc=loo u 8[50

Smoothflow
~ Roughflow
o Partialstall
x Colnpktostall .

.

//
6 ‘oOoo/wkmr=

48 20* Oc830* OC845*

-,
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FigureZ!3.-Variationofaerodynamic-centerpositionwithliftcoefficient
withandwithoutsplitflap.
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Figure 24.- Effect of Reynolds number on lift-curve slope ad maximum
lift coefficient.
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Figure 25.. Predicted and measured VdJIe6 of ML due to 60° deflection

of full-span split flap.
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